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ABSTRACT  
There are various types of lightweight concrete that already exist today. In producing lightweight concrete, the use 
of added materials in lightweight concrete has been widely studied. Among of those materials, fly-ash and silica 
based material are commonly being used as additive material in concrete. The purpose of this literature research is 
to determine the extent of the use of fly-ash and silica in Expanded Polystyrene (EPS) lightweight concrete. From 
several studies that have been done previously, lightweight concrete from EPS was quite significant to give good 
results in order to reduce the unit weight of concrete, but has not shown the expected compressive strength results. 
The literature review method to gather information about the use of fly ash and silica in EPS lightweight concrete 
will be conducted in a systematic way. Data search was performed on qualified journal databases such as Science 
Direct and Scopus. The timeframe of journals taken was that published between 2000-2020 to ensure getting the 
latest research. From the results of observing and searching the article, there were at least two methods of using 
fly-ash and silica as added material, which were in pure/as-is form (as part of concrete mixture material) and 
modified form (both modifying the form of fly-ash and silica or as part of modifying the aggregate). The use of 
fly-ash and silica have shown positive results in improving the quality of lightweight concrete.  But from the 
literature search results, there were still many gaps or things that can be developed and processed to look for other 
mixed methods and materials. This can increase the ability of fly-ash and silica as an additive material in order to 
create better EPS lightweight concrete. 
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INTRODUCTION 
There are various types of lightweight concrete that already exist today. Lightweight concrete is concrete that has 
a weight less than 2000 kg/m3 [1]. There are 3 methods for creating lightweight concrete. Those method are by 
removing fine aggregate components, by creating air bubbles in the concrete or often called aerated concrete [2], 
and by using/replacing coarse aggregate with light weight materials. This kind of material could come from 
natural resources, fabricated material, or made on purpose/artificial [3], [4]. An example of the use of fabricated 
materials that have been widely used as lightweight aggregates in concrete is Expanded Polystyrene [5]. The use 
of Expanded Polystyrene (EPS) is proven to be able to reduce the dead weight of concrete [6], and has good heat 
insulation capabilities [7]. However, EPS concrete still has weaknesses, including low compressive strength and a 
lack of resistance to fire [8]. Therefore, although a lot of research has begun to be done to overcome this 
weakness, further research still needs attention and becomes an interesting topic to discuss.  
The use of additives in the concrete mixture is expected to be able to improve performance and cover the 
shortcomings of lightweight concrete. Fly ash (FA) and silica based material are kind of material that commonly 
used as an additive in concrete. Fly ash is the residual burning material from coal from power plants [9]–[12]. The 
chemical composition of FA consists mostly of silicate dioxide (SiO2), alumina (Al2O3), iron dioxide (Fe2O3), 
calcium oxide (CaO) [6]. Based on the composition of these constituents, there are two categories of fly ash, 
namely class C and class F. Class C is fly ash with a CaO content of more than 20%, and a combination of other 
compositions (SiO2 + Al2O3 + Fe2O3) of at least 50%, while class F fly ash has a CaO levels less than 10% with 
other compositions (SiO2 + Al2O3 + Fe2O3) of at least 70% [12]. As for the physical appearance, FA can be in 
the form of powder [13] but also in the form of hollow grains or cenosphere [14]. The use of cenospheres fly ash 
tends to have the ability to create better density [15] which can lead to better compressive strength and low water 
absorption. However, the use of metakaolin seemed to have a better result in permeability than the fly ash [16]. 
Moreover, class C cenosphere influenced the reduction of the compressive strength at temperatures above 400 °C 
due to the dehydration and dehydroxylation processes [17].  
The use of fly ash in the concrete mixture usually functions as a binder and replaces a portion of the cement 
volume based on a certain proportion starting from 10% [6], [18], 30% [19], [20], 50% [9], [21], even up to 70% 
[22]. Furthermore, another application of fly ash has been successfully used as a coating material using the 
encapsulation technique in order to make artificial aggregates [23] and is also used as a brick making material 
[24] even though it has not shown satisfactory results yet. On the other hand, because of FA has cementitious 
material properties, it is potential to be used as a full subtitution material of the portland cement in the concrete 
mixture [25] especially for class C fly ash [12]. This kind of concrete, which produced from fly ash as a cement 
substitute, is called geopolymeric concrete [10], [26]–[28]. Geopolymeric concrete is believed to be concrete that 
is more environmentally friendly. Apart from as a waste/residual material from burning coal, the use of fly ash is 
also expected to reduce or even eliminate dependence on cement. Until now, cement still has been the main 
component in making concrete. However, the cement production process, which leaves a large carbon footprint, is 
feared to have environmental damaging effects in the long term. Therefore, researchs on component reduction or 
even substitution of cement materials that are more environmentally friendly are interesting topics to study. 
Materials containing silica (SiO2) become interesting to study since these components are also present in cement 
with a composition of about 20% [4], [23], [29]. Silica-based materials are believed to have an impact on the 
properties and characteristics of concrete. Therefore, many studies have used silica-based aerogels [8], [30]–[32], 
silica fume [20], [26], [33] or natural silica sand [34] with the aim of adding value to the concrete. Airgel based 
on silica material with a composition of 94–99% of the volume being air voids [8] effective to produce a 
lightweight concrete (410 kg.m3) with thermal conductivity value (0.085 W.m~1.K~1) [30]. On the other hand, 
silica in powder form or often known by other names such as micro silica, condensed silica fume, volatilzed silica 
or silica dust [35] is proven to have a positive impact in increasing the compressive strength of concrete [36]. 
However, the excessive use of silica fume actually has an impact on the increasing need for superplasticizers [37] 
and it is advisable to limit it to the percentage of replacement for cement to an amount of 10% micro-silica and 
2% for nano-silica. 
There have been many studies and articles discussing the use of fly ash and silica in concrete. However, specific 
research that discusses the use of fly ash and silica fume especially in lightweight EPS concrete still needs to be 
explored more because of its good potential as an environmentally friendly building material [38]. This literature 
review will aim to identify and analyse the development of research on EPS lightweight concrete, especially in 
the use of fly ash and silica as an additive/supporting material. 
RESEARCH METHODOLOGY 
A systematic literature review (SLR) adapted from Wahono 2015 [39] was used as a method in this study. This 
SLR consists of 3 major stages, namely: the planning stage, the conducting stage and the reporting stage (Fig. 1).  
In the first stage the requisite for systematic review was identified. Then, a guidance or protocol was made to 
driven the searching of the suitable literature. This stage include the preparing of the search string or keywords by 
using boolean operator system. The next stage, the selected articles/papers were analysed and then finally that 
findings being reported. The significances conducting the literature review were discussed in the introduction 
previously and transformed into research questions.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 1. Literature Review Stages 
 
The research questions designed with the help of CIMO-logic [40] instead of using SPIDER [41] or PICOC [39]. 
Table 1 describe the CIMO structure as the basic for formulating research questions. 
 
Table 1. Summary of CIMO  
C (Context) Previous study/research related to EPS lightweight concrete 
I (Intervention) Additive material that can enhance and give beneficially impact to concrete 
properties  
M (Mechanisms) A systematic literature review to gain information and supporting data 
O (Outcomes) Better properties of EPS lightweight concrete 
 
Table 2. Research Questions 
Research Questions Aim and Objectives 
What types of additive are currently 
widely used as additives 
Identify characteristics of additive material (fly ash and silica) 
How the added material affects the 
properties of the concrete 
Identify the method, and impacts of additive material (fly ash and silica) on EPS lightweight 
concrete 
What are the opportunities for further 
research 
Identify the gap from previous research  
 
After determining the direction and purpose of the research, the search process begins by preparing keywords to 
be used as search strings on search engines in electronic journal databases. The process of making search strings 
is carried out with the help of boolean operators ANDs and ORs, by combining keywords that can reflect the 
purpose of the research, and ensuring article searches can be more directed and as expected. Keywords / search 
string used in the search process: ("lightweight concrete") AND ("expanded polystyrene") AND ((silica) OR (fly 
ash)). 
The designated electronic journal databases were Scopus and Scicence Direct. The selection of this database is 
STAGE 
1 
STAGE 
2 
STAGE 
3 
 Identify the requisite of the research 
 Formulating research questions 
 Develop guidance/protocol – (keywords/search string) 
 Targeting the source of literature (i.e. journal database) 
 Search the literature 
 Sorting out the literature 
 Extract data/articles 
 Analysing the articles 
 Reporting the result 
 Proposing and suggesting 
the potential further 
research 
based on the consideration that these two sources are trusted journal indexing institutions and are connected with 
many prestigious journals that publish articles resulting from good selection or review processes. Journal 
databases cannot be accessed by just anyone, especially when doing data extraction / downloading articles. 
Therefore, with the access that the researcher has, who is currently a post graduate student at Coventry 
University-United Kingdom, it is possible to do this. The search for articles is limited to the year published in the 
last 20 years (2000-2020) to ensure that the articles obtained were the result of the most recent studies. From the 
search process that has been previously carried out, it is also necessary to limit the choice to only review and 
research articles to reduce data which is sometimes only a table of contents from a conference.  
There are 179 articles from the search results of the journal ScienceDirect journal, and 15 articles from the Scopus 
database. The total number of articles detected was 194 articles. From these 194 articles, a sorting process was 
carried out with the help of a reference manager software by first extracting / downloading metadata containing 
the article identity and abstract. The software used is Mendeley. Mendeley itself is free software and is quite easy 
to use. From the results of this collection, it was detected that there were 8 similar articles (duplicate articles). For 
this reason, at this stage the first selection process was carried out, leaving only 186 articles left. Of these 186 
articles, the titles and abstracts of the articles were screened. This screening process used criteria that have been 
previously prepared (table 3).  
Table 3. Inclusion and Exclusion Criteria 
Inclusion Article which contain and discussing: Fly Ash, Silica, Expanded Polystyrene, and Concrete 
Exclusion  Articles not written in English ; Repository Access 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 2. Searching and selecting process 
 
After going through the sorting stages based on the title and abstract, there were 54 suitable articles and then the 
data extraction process was carried out by downloading the complete articles. The articles are then stored and 
managed using Mendeley software, then the analysis process is carried out with the help of NVivo data analysis 
START 
Formulating search string 
Conducting search process 
on selected journal 
database 
Journal DATABASE 
SCOPUS 
ScienceDirect 
Retrieve initial articles (194) 
Exclude duplication (186) 
Final decision for primary studies (13) 
Selection by abstract and title (54) 
Retrive and download full paper (54) 
END 
software. Unlike Mendeley, which can be accessed for free, NVivo is a software produced by QSR International 
and Coventry University has a licence for it so that it can be used by students. 
Of the 54 articles obtained, not all of them discuss the use of fly ash or silica in EPS concrete. Many articles were 
found to contain only one keyword to be discussed. Therefore, another selection was carried out to select articles 
as the main articles that were in accordance with the research objectives. From this process, 13 articles were 
obtained which were deemed very suitable for the research objectives. However, from those 54 articles several 
data and information were observed related to the research about fly ash and silica in lightweight concrete. The 
process of searching and selecting articles is briefly shown in Figure 2.  
RESULT, ANALYSIS AND DISCUSSION 
This section will present several things that specifically discuss the effect of fy ash and silica on EPS lightweight 
concrete. While the search results of literature on fly ash and silica in general have been explained and used as an 
introduction. 
In previous research, Cadere (2018) observed that fly ash in EPS concrete was not enough to uniform the 
distribution of polystyrene granules [6]. This result was different from what Wu (2007) had previously done, 
which stated that there was no bad distribution or segregation in EPS concrete [42]. There is a possibility because 
Wu (2007) first activated fly ash by using an alkaline solution. Activated fly ash was able to produce better 
concrete mixing. 
Fly ash is also able to provide an effect on the level of workability and flowability which is very good when used 
as an additive to EPS self compacting concrete [43], although not as good as the effect produced when using silica 
fume [44]. Nekooi’s research can answer the problem that have occurred in previous studies [25] which showed a 
decrease in the value of workability along with the addition of fly ash content. From the explanation in Herki's 
article (2013) which includes information about the high carbon content, it can be predicted that the fly ash used 
by Herki was classified as fly ash class C different from that used by Nekooi (2015). This showed that although 
class C fly ash classified more cementitious material than class F fly ash, the influence on the level of workability 
and flowability is not good. There are opportunities to do more research on the types of class C fly ash. 
The problem of segregation in EPS concrete can be overcome by adding silica to the concrete mixture, but this 
becomes less effective with the addition of EPS beads content in the concrete [36]. by adding silica to EPS 
concrete can produce concrete that has a good density, because silica is able to fill the gaps between the agegrat 
with cement paste. Moreover, the smaller the silica grain size, the better the concrete density [45]. Silica makes 
the bond between EPS beads and cement better, but too much silica can increase the need for superplasticizer to 
maintain good workability [37].  
Both fly ash and silica fume are able to cover the weaknesses of EPS concrete regarding the compressive strength 
of concrete. Fly ash [21] dan silica [45] as a substitute for some of the cement elements it can increase the 
compressive strength value of concrete, even though the value decreases with the increase in the amount of EPS 
in the concrete. The increase in compressive strength of concrete using fly ash tends to be slow in the early ages 
of concrete [21], but it still showed a trend of increasing concrete strength as the concrete ages. On the other hand, 
EPS concrete containing silica shows a very rapid increase in the early age of the concrete [33]. The more silica 
content the faster the development of the increase in compressive strength [46]. Therefore, the use of silica-based 
additives can be an option if you need concrete that has better early-age performance [43].  
 
 
 
 
Table 4. Selected Article as the Primary Studies 
  
Chemical 
Composition 
Silica 
(SiO2) 
Alumina 
(Al2O3) 
Ferric oxide 
(Fe2O3) 
Calcium oxide (CaO) 
Babu2003 [33] 
Cement 21.78 6.56 4.13 60.12 
Fly Ash         
Silica 74.07 2.22 1.57 2.95 
Chen2004 [45] 
Cement         
Fly Ash   not recorded     
Silica         
Babu2005 [21] 
Cement 21.78 6.56 4.13 60.12 
Fly Ash 58.29 31.74 5.86 1.97 
Silica         
Babu2006 [20] 
Cement 21.78 6.56 4.13 60.12 
Fly Ash 58.29 31.74 5.86 1.97 
Silica 74.07 2.22 1.57 2.95 
Wu2007 [42] 
Cement         
Fly Ash 57.8 29.5 2.9 0.7 
Silica         
Chen2010 [36] 
Cement 21.6 4.13 4.57 64.44 
Fly Ash         
Silica 92.4 0.8 0.5 0.91 
Chen2011 [46] 
Cement 21.6 4.13 4.57 64.44 
Fly Ash         
Silica 92.4 0.8 0.5 0.91 
Madandoust2011 
[44] 
Cement 21.46 5.55 3.46 63.95 
Fly Ash         
Silica 91.7/99.9 1 0.9 1.68 
Sadrmomtazi2012 
[47] 
Cement 21 4.6 3.2 64.5 
Fly Ash         
Silica 91.1 1.55 2 2.42 
Herki2013 [25] 
Cement 22.8 3.8 1.4 66.5 
Fly Ash 13.2 6.7 6.2 1.4 
Silica         
Nekooie2015 [43] 
Cement 23.5 5 3.4 62 
Fly Ash 51.2 24 6.5 5.6 
Silica 93.7 0.29 0.36 0.4 
Fathi2017 [37] 
Cement 27 5.2 4.6 65 
Fly Ash         
Silica 85-92/99 1 2 10.5 
Cadere2018 [6] 
Cement         
Fly Ash 18.37 13.09 4.01 3.17 
Silica         
 Data analysis software can be used to find words that are often used in articles. This is useful for knowing what 
sections get the most attention or are discussed in selected articles. The analysis result showed that the word 
"strengths" was quite dominant comes after the words "concrete" and "EPS". This showed that the selected 
articles mostly discussed the strength or mechanical properties of concrete. 
 
  
Fig. 3. 15 most frequent words from selected paper 
 
Apart from compressive strength, the addition of fly ash [20] and silica [37] on EPS concrete is able to have an 
impact on reducing the water absorption value. This can be possible because the element of EPS beads is 
hydrophobic and there are also added materials such as fly ash and silica which can increase the density of the 
concrete. With a good density level, EPS concrete with fly ash or silica has the potential to be more resistant to 
high temperatures, corrosion and other chemicals attack. From the results of this literature search, there is still 
lack of information about the influences of fly ash and silica in EPS concrete related to its performance on thermal 
conductivity. 
CONCLUSIONS 
From the results of the literature review activities that have been carried out, several conclusions can be drawn as 
follows: From the results of the literature review activities that have been carried out, several conclusions can be 
drawn as follows: 
1. Planning and conducting searches and systematically analyzing literature from journals can help to find 
articles that can answer our research questions. Searching and analyzing articles in a systematic manner allows 
for a more comprehensive source of information and reduces the researcher's subjectivity and bias. By 
applying these stages, the literature review process can be justified and may give better confidence in reading 
the results of the review. 
2. Fly ash and silica fume have a positive impact on lightweight EPS concrete. However, the use of these 
materials will be maximized when combined with other materials. 
3. Class F fly ash tends to be more widely used as an additive to lightweight concrete, especially lightweight 
EPS. Although the chemical composition of class C fly ash contains more CaO, which can make this type of 
fly ash more like cement, class C fly ash is not widely used. Maybe this is due to the difficulty to get it. 
However, we can observe that Fly Ash class C has the potential as a better cement substitute and is interesting 
for further study. Activated fly ash has a better effect than unactivated fly ash. There are still opportunities for 
further research on modification of the use of fly ash in order to provide added value and maximize the 
potential of the fly ash material itself on the properties and characteristics of the resulting concrete. 
4. The use of silica-based materials in lightweight EPS is still a lot of powder, both micro and nano-sized. The 
smaller the size of the silica particles will have an impact on the density level of the concrete which is denser, 
but with the consequence of the increasing need for water as a solvent or the need for added materials such as 
superplasticizer which can increase the cost of making concrete. Based on previous research on other types of 
lightweight concrete, the use of silica-based aerogel is very effective at reducing the weight of the concrete and 
is also able to provide other added values such as insulation ability. There have not been many studies 
regarding the combination of this material with EPS as concrete aggregates which can be used as a discussion 
that has the potential to be further explored. 
 
REFERENCES 
[1] A. Singh and S. Pal, “Lightweight Concrete a Boon in Civil Engineering-Review,” J. Civ. Eng. Environ. Technol., vol. 2, no. 5, pp. 451–455, 
2015. 
[2] J. Pinilla Melo, N. Flores Medina, A. Sepulcre Aguilar, and F. Hernández Olivares, “Rheological and thermal properties of aerated sprayed 
mortar,” Constr. Build. Mater., vol. 154, pp. 275–283, 2017. 
[3] E. Güneyisi, M. Gesoğlu, E. Booya, and K. Mermerdaş, “Strength and permeability properties of self-compacting concrete with cold bonded fly 
ash lightweight aggregate,” Constr. Build. Mater., vol. 74, pp. 17–24, 2015. 
[4] E. Güneyisi, M. Gesoglu, H. Ghanim, S. İpek, and I. Taha, “Influence of the artificial lightweight aggregate on fresh properties and compressive 
strength of the self-compacting mortars,” Constr. Build. Mater., vol. 116, pp. 151–158, 2016. 
[5] N. H. Ramli Sulong, S. A. S. Mustapa, and M. K. Abdul Rashid, “Application of expanded polystyrene (EPS) in buildings and constructions: A 
review,” J. Appl. Polym. Sci., vol. 136, no. 20, pp. 1–11, 2019. 
[6] C. A. Cadere, M. Barbuta, B. Rosca, A. A. Serbanoiu, A. Burlacu, and I. Oancea, “Engineering properties of concrete with polystyrene granules,” 
Procedia Manuf., vol. 22, pp. 288–293, 2018. 
[7] A. Dixit, S. D. Pang, S.-H. H. Kang, and J. Moon, “Lightweight structural cement composites with expanded polystyrene (EPS) for enhanced 
thermal insulation,” Cem. Concr. Compos., vol. 102, no. December 2018, pp. 185–197, Sep. 2019. 
[8] T. Gao, B. P. Jelle, A. Gustavsen, and S. Jacobsen, “Aerogel-incorporated concrete: An experimental study,” Constr. Build. Mater., vol. 52, pp. 
130–136, 2014. 
[9] J. N. Farahani, P. Shafigh, B. Alsubari, S. Shahnazar, and H. Bin Mahmud, “Engineering properties of lightweight aggregate concrete containing 
binary and ternary blended cement,” J. Clean. Prod., vol. 149, pp. 976–988, 2017. 
[10] Z. Zhang, J. L. Provis, A. Reid, and H. Wang, “Geopolymer foam concrete: An emerging material for sustainable construction,” Constr. Build. 
Mater., vol. 56, pp. 113–127, 2014. 
[11] J. C. Remesar, F. Simon, S. Vera, and M. Lopez, “Improved balance between compressive strength and thermal conductivity of insulating and 
structural lightweight concretes for low rise construction,” Constr. Build. Mater., vol. 247, 2020. 
[12] K. H. Mo, T.-C. Ling, U. J. Alengaram, S. P. Yap, and C. W. Yuen, “Overview of supplementary cementitious materials usage in lightweight 
aggregate concrete,” Constr. Build. Mater., vol. 139, pp. 403–418, 2017. 
[13] G. Kakali, D. Kioupis, A. Skaropoulou, and S. Tsivilis, “Lightweight geopolymer composites as structural elements with improved insulation 
capacity,” in MATEC Web of Conferences 149, 01042, 2018, vol. 149. 
[14] A. Hanif, Z. Lu, and Z. Li, “Utilization of fly ash cenosphere as lightweight filler in cement-based composites – A review,” Constr. Build. Mater., 
vol. 144, pp. 373–384, 2017. 
[15] A. L. Brooks, H. Zhou, and D. Hanna, “Comparative study of the mechanical and thermal properties of lightweight cementitious composites,” 
Constr. Build. Mater., vol. 159, pp. 316–328, Jan. 2018. 
[16] O. Karahan, K. M. A. Hossain, E. Ozbay, M. Lachemi, and E. Sancak, “Effect of metakaolin content on the properties self-consolidating 
lightweight concrete,” Constr. Build. Mater., vol. 31, pp. 320–325, 2012. 
[17] O. A. Abdulkareem, A. M. Mustafa Al Bakri, H. Kamarudin, I. Khairul Nizar, and A. A. Saif, “Effects of elevated temperatures on the thermal 
behavior and mechanical performance of fly ash geopolymer paste, mortar and lightweight concrete,” Constr. Build. Mater., vol. 50, pp. 377–387, 
2014. 
[18] T. Alexandru, B. Marinela, D. Laura, and B. Irina, “Mechanical and Environmental Performances of Concrete Using Recycled Materials,” 
Procedia Manuf., vol. 32, pp. 253–258, 2019. 
[19] S. K. Adhikary, Ž. Rudžionis, and D. Vaičiukynienė, “Development of flowable ultra-lightweight concrete using expanded glass aggregate, silica 
aerogel, and prefabricated plastic bubbles,” J. Build. Eng., vol. 31, p. 101399, Sep. 2020. 
[20] D. S. Babu, K. Ganesh Babu, W. Tiong-Huan, K. G. Babu, and W. Tiong-Huan, “Effect of polystyrene aggregate size on strength and moisture 
migration characteristics of lightweight concrete,” Cem. Concr. Compos., vol. 28, no. 6, pp. 520–527, 2006. 
[21] D. S. Babu, K. Ganesh Babu, and T. H. Wee, “Properties of lightweight expanded polystyrene aggregate concretes containing fly ash,” Cem. 
Concr. Res., vol. 35, no. 6, pp. 1218–1223, 2005. 
[22] P. Shafigh, M. A. Nomeli, U. J. Alengaram, H. Bin Mahmud, and M. Z. Jumaat, “Engineering properties of lightweight aggregate concrete 
containing limestone powder and high volume fly ash,” J. Clean. Prod., vol. 135, pp. 148–157, 2016. 
[23] X. Shang, J. Li, and B. Zhan, “Properties of sustainable cellular concrete prepared with environment-friendly capsule aggregates,” J. Clean. Prod., 
vol. 267, p. 122018, 2020. 
[24] V. V. Sakhare and R. V. Ralegaonkar, “Use of bio-briquette ash for the development of bricks,” J. Clean. Prod., vol. 112, pp. 684–689, 2016. 
[25] B. A. Herki, J. M. Khatib, and E. M. Negim, “Lightweight concrete made from waste polystyrene and fly ash,” World Appl. Sci. J., vol. 21, no. 9, 
pp. 1356–1360, 2013. 
[26] G. Bejan, M. Bărbuță, R. Ștefan Vizitiu, and A. Burlacu, “Lightweight Concrete with Waste - Review,” Procedia Manuf., vol. 46, pp. 136–143, 
2020. 
[27] A. Wongsa, V. Sata, P. Nuaklong, and P. Chindaprasirt, “Use of crushed clay brick and pumice aggregates in lightweight geopolymer concrete,” 
Constr. Build. Mater., vol. 188, pp. 1025–1034, 2018. 
[28] G. Zanvettor, M. Barbuta, A. Rotaru, and L. Bejan, “Tensile Properties of Green Polymer Concrete,” Procedia Manuf., vol. 32, pp. 248–252, 2019. 
[29] S. Zhang, K. Cao, C. Wang, X. Wang, J. Wang, and B. Sun, “Effect of silica fume and waste marble powder on the mechanical and durability 
properties of cellular concrete,” Constr. Build. Mater., vol. 241, p. 117980, 2020. 
[30] M. de Fátima Júlio et al., “Silica-based aerogels as aggregates for cement-based thermal renders,” Cem. Concr. Compos., vol. 72, pp. 309–318, 
2016. 
[31] M. G. Gomes, I. Flores-Colen, F. da Silva, and M. Pedroso, “Thermal conductivity measurement of thermal insulating mortars with EPS and silica 
aerogel by steady-state and transient methods,” Constr. Build. Mater., vol. 172, pp. 696–705, 2018. 
[32] H. Canakci, D. Alak, and F. Celik, “Evaluation of Shear Strength Properties of Modified Expanded Polystyrene Aggregate,” in Procedia 
Engineering, 2016, vol. 161. 
[33] K. G. G. Babu and D. S. S. Babu, “Behaviour of lightweight expanded polystyrene concrete containing silica fume,” Cem. Concr. Res., vol. 33, no. 
5, pp. 755–762, May 2003. 
[34] D. Koňáková et al., “Lime-based plasters with combined expanded clay-silica aggregate: Microstructure, texture and engineering properties,” 
Cem. Concr. Compos., vol. 83, pp. 374–383, 2017. 
[35] R. Siddique, “Utilization of silica fume in concrete: Review of hardened properties,” Resour. Conserv. Recycl., vol. 55, no. 11, pp. 923–932, 2011. 
[36] B. Chen, J. Liu, and L. Z. L.-Z. Chen, “Experimental study of lightweight expanded polystyrene aggregate concrete containing silica fume and 
polypropylene fibers,” J. Shanghai Jiaotong Univ., vol. 15, no. 2, pp. 129–137, 2010. 
[37] M. Fathi, A. Yousefipour, and E. Hematpoury Farokhy, “Mechanical and physical properties of expanded polystyrene structural concretes 
containing Micro-silica and Nano-silica,” Constr. Build. Mater., vol. 136, pp. 590–597, 2017. 
[38] A. Parmar et al., “Light Weight Concrete Using EPS Beads and Aluminium Powder,” in Proceeding of 3rd Afro - Asian International Conference 
on Science, Engineering & Technology, 2015, pp. 785–788. 
[39] R. S. Wahono, “A Systematic Literature Review of Software Defect Prediction: Research Trends, Datasets, Methods and Frameworks,” J. Softw. 
Eng., vol. 1, no. 1, pp. 1–16, 2015. 
[40] D. Denyer, D. Tranfield, and J. E. Van Aken, “Developing design propositions through research synthesis,” Organ. Stud., vol. 29, no. 3, pp. 393–
413, 2008. 
[41] A. Cooke, D. Smith, and A. Booth, “Beyond PICO: The SPIDER tool for qualitative evidence synthesis,” Qual. Health Res., vol. 22, no. 10, pp. 
1435–1443, 2012. 
[42] H.-C. Wu and P. Sun, “New building materials from fly ash-based lightweight inorganic polymer,” Constr. Build. Mater., vol. 21, no. 1, pp. 211–
217, 2007. 
[43] M. A. Nekooie, H. Goodall, and M. I. Mohamad, “Selection of sustainable materials for lightweight concrete,” Proc. Inst. Civ. Eng. Eng. Sustain., 
vol. 168, no. 4, pp. 159–172, 2015. 
[44] R. Madandoust, M. M. Ranjbar, and S. Yasin Mousavi, “An investigation on the fresh properties of self-compacted lightweight concrete 
containing expanded polystyrene,” Constr. Build. Mater., vol. 25, no. 9, pp. 3721–3731, 2011. 
[45] B. Chen and J. Liu, “Properties of lightweight expanded polystyrene concrete reinforced with steel fiber,” Cem. Concr. Res., vol. 34, no. 7, pp. 
1259–1263, Jul. 2004. 
[46] B. Chen and C. Fang, “Mechanical properties of EPS lightweight concrete,” Proc. Inst. Civ. Eng. Constr. Mater., vol. 164, no. 4, pp. 173–180, 
2011. 
[47] A. Sadrmomtazi, J. Sobhani, M. A. Mirgozar, and M. Najimi, “Properties of multi-strength grade EPS concrete containing silica fume and rice 
husk ash,” Constr. Build. Mater., vol. 35, pp. 211–219, 2012. 
 
 
